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SECTION I

INTRODUCTION

Certain experiments and tests require the measurement of

out-of-plane motions of target surfaces. One way these measure-

ments can be made is with use of special devices which produce

moir! fringe patterns on the surface of the targets. A descrip-

tion of one of these devices has been provided in a previous
1

document. This document provides detailed descriptions of

procedures related to the use of that device and the analysis

of the resulting fringe patterns.

Although the device has been used primarily to determine

the response of impulsively loaded targets of fairly large

area (1500 to 2000 cm 2), information provided in this document

also applies to analysis of data from surfaces of smaller area

and surfaces subjected to slowly applied or static loads. In

all cases, deflection data are obtained after analysis of

photographs of individual fringe patterns.

A computer program named PANDIS is used to assist in the

reduction of fringe pattern data to displacement data. This

program, written in the BASIC language, is designed for use from

a remote time-shared computer terminal. Section II of this

document provides a brief description and instructions for use

of the device. Sections III, IV, and V provide detailed data

reduction instructions, a description of program PANDIS (in-

cluding a listing of program statements), and a sample problem

and the resulting printout, respectively.

(1) Piekutowski, A. J., A Device to Determine the Out-of-Plane
Displacement of a Surface Using a Moirb Fringe Technique,
AFWAL-TR-81-3005, Air Force Wright Aeronautical Laboratories,
Wright-Patterson Air Force Base, OH, May 1981.
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SECTION II

USE OF MOIRE DEVICE

As constructed, the moir6 device, shown schematically in

Figure 1, simply generates a system of light and dark bands

which are fixed in space relative to the moir& device. The

light and dark bands are apparent to the viewer only when the

system of bands is interrupted by a target surface. A critical

orientation of the target surface with respect to the moire

device is not required since the initial shape of the target

surface can always be reconstructed after analysis of the fringe

patterns.

An illustration of the technique used to produce the moire

patterns is presented in Figure 2. As shown in this figure,

the optical system on the right (Projection System) projects

an image of the Ronchi ruling in the system onto the target

surface. The lens in the left optical system (Viewing System)

focuses an image of the target and projected ruling onto the

Ronchi ruling in the viewing system. A moirI pattern is pro-

duced where the image of the projected ruling is superimposed

on the viewing system Ronchi ruling. A camera, with its lens

focused on the composite image, is used to photographically

record the moir6 pattern.

Analysis of raw data is facilitated by exercising

reasonable care during setup of the moir! device. Attention

is drawn to the relationship of the shaded regions adjacent

to the rays (boundaries between clear and opaque areas of

Ronchi ruling) shown in Figure 2. The regions shown are

adjacent to the optical axes of the projection and viewing

systems. When the rays associated with these regions and the

target surface intersect simultaneously, a dark band will

appear at the target surface. This particular dark band is

identified as fringe zero. Identification of the rays which

produce fringe zero is facilitated by heavy locator lines

2
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PROJECTION SYSTEM VIEWING SYSTEM

HIGH SPEED RON CHI
LIGHT SOURCE

LGTSOURCE CODNSN LESCMR RULING

PROJECTION HEAD VIEWING HEAD----

RONCHI- -I

RULING

HOLLOW BEAM SUPPORT STRUCTURE

PORTION OF
TARGET

Figure 1. Schematic View of Moir' Device Illustrating Components
and Their Relationship to Target.

TARGET SURFACE--,

CENTERS OF DARK
FRINGES

OPTICAL SYSTEMS
DO NOT HAVE TO BE
OPTICAL CONJUGATES

i OPTICAL AXES O

BOTH SYSTEMS O T e-LENS
NEED TO BE AT SAME ANGLE RLN

TO THE TARGET SURFACE

RULING

SOURCES
i CAMERA

Figure 2. Technique Used to Produce Moir& Patterns.
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placed on the Ronchi rulings. Relative positions of the locator

lines in the various dark bands of the moir6 pattern are used to

establish the direction which the moir6 device must be moved to

produce the desired target-device relationship. The positions

of the locator lines are shown for a number of fringe surfaces

in Figure 3. The coordinate system and fringe numbering con-

vention which was adopted for use during subsequent data reduc-

tion procedures are also shown in this figure.

PROJECTION OF OPTICAL AXIS

/ARITRRYFRINGECODNT

N R E CSURFACE

-4, -4

-.-2
0

-4-3-2-1 0 1 2 AY-AXIS!AL ORIGIN OF
2RBITRARY FRINGE COORDINATE
NUMBERING SEQUENCE SYSTEM

X-AXIS /DISPLACEMENT, 
D

Figure 3. Arbitrary System of Identifying Fringes and Coordi-
nate System Used in Analysis of Fringe Patterns. In
this figure, the reference plane is parallel to the
X-D plane. Note the position of locator lines in
each fringe.
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Information presented in Figure 4 is used to illustrate

relationships between the various device parameters which must

be determined for correct interpretation of the resultant

fringe patterns. However, one important difference between

the device and the illustration in Figure 4 exists. For pur-

poses of simplifying presentation, the Ronchi ruling has been

shown betweeni the appropriate lens and the target rather than

behind the lens, e.g., Figures I and 2. Positioning the Ronchi

ruling as shown in Figure 4 merely facilitates a graphical

presentation of the rays used to determine the location of the

dark bands. For consistency of illustration, the lens on the

right side of Figure 4 corresponds to the viewing lens of

Figure 2 (on the le ft) .

Selection of nominal characteristics of various optical

components used in the device is made during design of the

device. Determination of actual characteristics of these

components is made during alignment and assembly of the device.

The six parametric constants determined during assembly of the

device--a Lp aR R U R Rr L and P R--are shown in Figure 4.

These constants are used to uniquely specify the locations of

the various dark bands produced by the moir6 device. Following

is a brief description of each of these parameters. Subscripts

R and L refer to the right and left side of Figure 4.

Parameter Description

a Angle optical axis makes with X-axis

R Normal distance from center of lens to
X-axis or target surface (or tangent to
target surface in case of curved targets).
In actual practice this value is calcu-
lated using the relationship shown in
Figure 4 and the appropriate values of a
and the distance, d, which was measured
during alignment of the individual heads.

5
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Parameter Description

P A pseudopitch used when determining, in
slope-intercept form, the equations of

lines representing the various rays. This
dimensionless value is determined, as

pitch (furnished by Ronchi ruling manufac-
turer), the system magnification (measured
during the alignment of the individual
heads), and the previously mentioned
distance, d.

Target surfaces shown in the four figures just presented

are represented as planar surfaces which are tangent to fringe

zero. This orientation is not required for satisfactory opera-

tion of the device, and practically speaking, is rarely achieved.

When the device is used with convex or concave surfaces, the

preferred orientation of the device has the displacement axis

of Figure 3 coincide with a line normal to a plane tangent to

the target surface at the point where intersection of the X-axis

interruptions in the locator lines occurs. The relationship

of the moir6 device displacement axis (fixed by optical compo-

nents in the moir& device) and a line normal to the target at

the point of tangency just described is the preferred orienta-

tion of the device and target for all applications since it

facilitates identification of fringe zero. When the device is

mounted independent of the target, the user must carefully

position the device for each test to insure this orientation

is achieved as closely as possible. In other applications,

e.g., measurement of aircraft transparency deflections, the

moir6 device may be installed in mounts which may or may not

provide for adjustment of the relationship of the device to

the target surface. In these cases, the general relationship

of the target and the device is fixed during design of the

device mounting hardware.

Most uses of the moir6 device require some preparation

of the target surface. Typical preparations consist of the

7



application of a reflective coating, usually white paint, and

the installation of fiducial marks on the reflective screen.

The fiducial marks are used to provide data for film magnifica-

tion determinations. A suggested fiducial line layout is
presented in Figure 5. Use of X's rather than short line seg-
ments as reference points on the horizontal axis eliminates

the likelihood of one or more of the line segments being

obscured by the lines in the projected or viewed Ronchi ruling.

DIRECTION OF LINES
IN RONCHI RULING

21NCH SPACING TYPICAL

IDEAL CENTER OF MOIRE DEVICE

2INCH SPACING TYPICAL COINCIDENT WITH X- '
OF MOIRE DEVICE

NUMBER AND LOCATION OF FIDUCIAL
MARKS CAN BE \ RIED TO SUIT

TEST CONDITIONS.

Figure 5. Suggested Fiducial Pattern for Use with Moire Device.

8
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SECTION III

DATA REDUCTION

Data used to generate deflection information are obtained

from various photographs taken during the experiments or tests.

A single photograph may be analyzed in the case of a statically

loaded target. When the target is impulsively loaded, data are

taken from photographs of selected frames of a high-speed film

of the transient fringe patterns. Measurements of the locations

of timing marks placed on the high-speed films are used to

determine the framing rate of the camera and the time interval

between successive fringe patterns for these dynamic events.

In this section, detailed instructions for making a variety of

measurements are provided. The measurements are described and

presented in the order in which they are entered into the com-

puter program. A listing and description of sample data items

is presented in Section V. The first data entries consist of

specific moirg device parameters and information unique to the

test. An explanation of each of these data items is given

in Section V.

Although the original negative film may be used for data

reduction purposes, analysis of the moiri~ patterns is greatly

facilitated by using enlarged prints of the individual frames.

In the case of multiple prints, it is extremely important that

all frames taken from a data film be printed at the identical

magnification. Data used to obtain film magnification infor-

mation are taken from pre-event photographs. Post event

photographs are used to obtain measurements of fringe location

and, ultimately, target displacement. Since the fiducial lines

are applied to a surface which is in motion during the event,

film magnification information taken from post event frames

should be regarded as suspect.

Because the axis of the viewing system is at an angle to

the target surface, distortion of the image produced at the

9
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viewing system Ronchi ruling occurs. Consequently, magnifica-

tion of the target image varies continuously in the horizontal

(X) and vertical (Y) directions. Since out-of-plane displace-

ment data are derived from measurements taken from the film,

conversion of measured dimensions (film) to true dimensions

(target) requires that the variation in film magnification be

accounted for properly.

Film magnification along the X-axis is determined using

measurements taken from one or more of the frames immediately

preceding the event. (Only one set of averaged values is

entered into the program, however.) Profiles other than those

along the X-axis are usually taken from sections parallel to

the X-axis and through the short horizontal lines on the two

long vertical lines of the fiducial system (Figure 5). Mag-

nification in the Y direction is thus treated graphically and

no further corrections are required. An illustration of a

modified target-viewing head relationship is presented in

Figure 6. In this figure, film normally in the camera is shown

in the plane of the viewing head Ronchi ruling. A view of the

undistorted target surface and fiducial system is shown in

the upper right of this figure. A view of the distorted image

produced on the film is shown at the lower right of Figure 6.

Also shown in this figure is the position of the interruption

in the locator line with respect to the X-axis.

As shown in the lower right portion of Figure 6, the

locator line (ray zero) does not coincide with the center of

the fiducial pattern and an offset of unknown magnitude results.

The magnitude of this offset and actual film magnification

data are determined graphically using measured values taken from

the pre-event photographs. All measurements are made with

respect to the locator line of the viewing head. This line

will always appear as a straight line in all photographs. Raw

film magnification data consist of a table of measured distances

to known points (X's on the horizontal fiducial line) and the

10
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TARGET
(PRE-EVENT)

RAY ZERO
NORMAL VIEW OF TARGET

AND FIDUCIAL LINES
RIGHT

LENS LEFT

FILM

INTERRUPTION
VIEW OF DISTORTED TARGET OFFSET-
IMAGE RECORDED ON FILM- -X" USED IN
(FRINGE PATTERN OMITTED

FOR CLARITY)EXML

RAY ZERO LOCATOR LINES

Figure 6. iliuscration ot Technique wnich Produces a Distorted
Image of Target Surface and Fiducial Pattern. Refer-
ence to Figures 3 and 4 will clarify the apparent
reversal of right and left in the distorted image of
the target surface and fiducial pattern.

corresponding true distance to these points. Measured distances

to the right of the locator line have positive values and mea-

sured values to the left of the locator line have negative

values. When these data are plotted as shown in Figure 7, the

magnitude of the offset between the center of the moire device

and the center of the fiducial pattern corresponds to the true

distance between the parallel lines representing the center of

the moire device and the center of the fiducial system.

The value of offset thus obtained is used to "correct"

the true values and generate a table of "corrected" film mag-

nification data which are entered into program PANDIS. For

example, the true position of the second X to the right of

center of the fiducial pattern is +4 inches. This true value

is corrected by subtracting the algebraic value of the offset

from the true position of the fiducial mark, i.e., +4 - (+1.2) =

+2.8. All other true values are corrected in a like manner.

IiI
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PLOTTED POINTS ARE AVERAGE MEASURED VALUES
ETOM2FROM PRE-EVENT FRAMES

-

z LOCATOR LINE

W CENTER OF MOIRE DEVICE-
4 - I 0

- OFFSET- .2INCHES

CENTER OF FIDUCIAL
PATTERN

10 8 6 4 2 0 -2 -4 -t -8 -10
RIGHT - LEFT

LOCATION OF X's ON HORIZONTAL FIDUCIAL LINE (INCHES)

Figure 7. Illustration of Graphical Method Used to Determine
Offset and "Corrected" Film Magnification Data.

The measured distance from the locator line to this X (and all

other X's in the photograph) remains unchanged.

Processing of raw film magnification data in PANDIS yields

the coefficients of a second order polynomial. Subsequent con-

version of measured distances taken from data frames to true

distances is accomplished by evaluating the polynomial using

the measured values as the independent variable.

The framing rate of the high-speed camera, in pictures per

second (pps), is determined for that portion of the high-speed

film in which response of the target is recorded. Framing rate

is determined from measurements illustrated in Figure 8. In

this figure, timing mark zero was arbitrarily selected as the

sixth mark before the frame in which response of the target was

first observed. In practice any of the several marks appearing

before this frame may be selected as timing mark zero. All

subsequent measurements are made with respect to timing mark

12



FILM EXPOSED THIS DIRECTION

FIRST FRAME SHOWING EVENT

TIMING MARK 0 TIMING MARKS AT I msec.LATFMERA

- (4) - -  ENLARGED VIEW OFUW 0 SPROCKET HLE
(NOTE SIDE OF SPROCKET

U(O) HOLE WHICH IS USED)

Figure 8. Illustration of a Portion of High-Speed Film Showing
Measurement Points for Film Speed Determination.

zero. In program PANDIS, the time to successive marks, R( ),

and the corresponding measured distances, U( ), are entered

as data pairs and used in conjunction with certain physical

characteristics of 16 mm film to determine the coefficients

of a polynomial which yields the instantaneous framing rate

of the camera as a function of frame number.

The frame of film immediately before the frame in which

response of the target is observed is identified as frame zero.

Frames exposed after frame zero are numbered sequentially in

ascending order. The first measurement to be taken, U(O), is

used to determine the location o frame zero with respect to

timing mark zero. The other measured distances, U(1), U(2),

U(3), etc., are used to determine the actual framing rate of

the camera. Note that the distance to timing mark zero, U(1),

is zero and entered accordingly in statement 100 of the Sample

Data (Section V).

13



Since the system of dark bands generated by the moir6

device is unique for the set of system parameters, displacement

of a target at any point can be determined if the X-coordinate

and fringe number of the point are specified. The X-coordinate

and fringe number are obtained from analysis of a photograph

of the fringe pattern. A simulated photograph of an ideal

target and fringe pattern is presented in Figure 9. The intended

use of the out-of-plane displacement data determines the number

of measurements taken from the photograph. If the deflected

shape along one section is required (usually along the horizon-

tal fiducial line), measurements are taken where the dark bands

intersect the fiducial line. If a map of the deflected surface

is desired, additional profiles are obtained along sections

parallel to the horizontal fiducial line. Examples of both

types of measurements are illustrated in Figure 9.

Analysis of photographs begins with identification of

the various dark bands in the moir6 pattern. Use of the locator

FRINGE -3
FRINGE -2FRING - I 

\  
FRINGE -4FRINGE - I

FRNG 0 FRINGE -5

-Xm _--POINT OF EVENTOR CENTER OF
INTEREST

SECTION LINE DRAWN
ONft PHOTOGRAPH
(OTHER LINES NOT
SHOWN)

LOCATOR LINE
(REFERENCE FOR ALL
MEASUREMENTS)

Figure 9. Simulated Photograph of Ideal Moiri Pattern Showing
Various Measurement Locations.

14

.. "L. , . . .. . .4



lnsaids in the identification of fringe zero. Study of

Figures 3 and 4 will assist in the identification of all other

dark bands in the pattern. If deflected surface data are re-

quired, lines are drawn on the photograph through the short

horizontal lines which are part of the vertical fiducial lines.

Finally, measurement of the various distances is made. As shown,

these distances are measured from the center of the dark band
to the locator line. Note that all measurements are made per-

pendicular to the locator line and that the correct algebraic

sign of the measured value must be observed.

Data for the measured points along each section line are

entered as fringe number-measured value pairs beginning with

the pair at the left of the photograph and ending with the pair

at the right of the photograph. When data for a number of

sections from a photograph are to be entered, data from the

uppermost section are entered first; order of entry proceeds

successively to the lower sections.

Procedures used in the collection of fringe number-

measured value data are identical for the pre-event and post

event photographs with one exception. An additional measurement

is taken from the first post event frame or the pre-event frame

if the target is suitably identified. This measurement, X0 in

Figure 9, is the distance from the locator line to the point

of the event or the center of the area of interest. The value

of XO is entered into PANDIS prior to entry of the pre-event

and post event data.

Examination and study of the sample data in Section V

should clarify and further the program user's understanding of

data entry procedures used with PANDIS.

15



SECTION IV

PROGRAM DESCRIPTION

1. PROGRAM USAGE

Program PANDIS consists of a main program and two sub-

routines, LSQ and COR. The main program directs reading of

input variables, raw data, order of processing raw data, and

printing of results. Subroutine LSQ is called upon several

times during execution of the main program to fit data sets to

least-squares polynomials. Subroutine COR is called after each

raw data pair has been read and processed to yield a displace-

ment value unique to the fringe number and X-coordinate of the

data pair. In subroutine COR, the initial value of displacement

is examined and corrected, if necessary, for magnification

errors which are introduced when the target surface (hence,

measurement plane) has been displaced a sufficient distance from

the initial reference (pre-event) plane. A simplified flow

chart for the main program is presented in Figure 10.

Input variables and test peculiar data are read at the

beginning of the main program. Certain of these data are used

to characterize, in tabular form, the location (in displacement,

D, and X-coordinates) of the fringes which were observed in the

test film. In the next portion of the program, data used to

determine film magnification and speed are processed to yield

least-squares polynomials which describe the variations, with

distance and time, respectively, of these film parameters. Work

on actual fringe pattern data begins with data taken from the

pre-event frame. Individual sets of X-D data taken from this

frame are fit to least-squares polynomials which attempt to des-

cribe the shape of the undeflected target surface along a partic-

ular measurement section line. At the completion of printout of

the results of the first fit, the user is asked if the next

higher order of fit should be made. A positive response

results in another pass through subroutine LSQ. Printout of

16
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Fit -Pre-Event Target

ad , ata Data to Specified
2000 a eneral 5400 order Polynomial

SJ R iSO Increase
Print Resuts order of

Fit by S

2400 and Intercepts Ni O

of Rays

Generate \Write Coefficients

2600 Table of 5810 and Complete

Fringe Coordinates Writing of

SWrite Portion /Write

3000 of 6000 Pre-Event
Title Page 600 Data

Read Film Magnif. R D
Data Read Data for Next

4000 SUBR LSO 7000 SR Oe

Write Coefficients

ead Film Speed Data
4400 SUBR LSO Y

Write CoefficientsN

Reed Point of
Event Data

4800 Write Part of 20000 END

Title Page

Read Pre-Event
5000 Target Data

SUBR COR
Print Corrected Values

A

Figure 10. Flowchart for Program PANDIS. Initial values for
range of program statement numbers in which specific
operations are performed are shown at left of flow-
chart symbols.
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the results of this fit is again followed by the opportunity to

request the next higher order of fit. After various orders of

fit have been examined, the user is asked to select that order

of polynomial which best describes the pre-event panel shape.

Upon receipt of a reply, control of processing of data from

post event frames and the printing of results is returned to

the main program.

2. DESCRIPTION OF VARIABLES

Following is a listing (and brief description) of the

simple variables, arrays, and string variables used in

program PANDIS. Where appropriate, units and applicable

reference figures are included in this listing.

Simple Variables

Al - Angle, aR, which optical axis of R.H. optical system
makes with X-axis, radians (Figure 4).

A2 - Angle, aL, which optical axis of L.H. optical system
makes with X-axis, radians (Figure 4).

A3 - Angles which rays in R.H. optical system make with
X-axis, radians.

A4 - Angles which rays in L.H. optical system make with
X-axis, radians.

A5 - Angle, a, used when "correcting" displacements for
magnification errors, radians (Figure 11).

A6 - Angle, a, used when "correcting" displacements for

magnification errors, radians (Figure 11).

E - Standard error of estimate of least-squares fit.

FO - Time after event, evaluated for each frame number,

msec.

Fl - Largest positive fringe number used in evaluation.

F2 - Largest negative fringe number used in evaluation.

F3 - Average framing rate of camera over an arbitrary

1 msec interval, I of Pps
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F4 - Average framing rate of camera over the arbitrary
1 msec interval, 1I + 1, pps.

F5- O er o plyoma dscibngfim p0d

F6 - Al term of polynomial describing film speed.

F6 - Al term of polynomial describing film speed.

I - General operator.

Il - Operator to sequence through all frames of film afterp.

12 - Operator to sequence through all sections of a frame.

J - General operator.

K - General operator.

L - General operator.

M - General operator.

Ml - Order of fit desired in least-squares subroutine.

M2 - Ml + 1.

M3 - A0 term of polynomial describing film magnification,
inches.

M4 - A1 term of polynomial describing film magnification.

M5 - A2 term of polynomial describing film magnification,
inches-1.

N - General operator.

NO - Number of frames of film to be evaluated (including
pre-event frame.

NI - N9 + 1.

N2 - Frame number.

N3 - Number of sections in a frame.

N4 - Value used to signal that insufficient data are
available for a least-squares fit.

N9 - Number of rays on either side of optical axis
(Figure 4).
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P0 - Proportionality factor used during interpolation in
X-D Tables.

P1 - Number of data pairs for a particular use of least-
squares subroutine or other functions requiring
knowledge of number of data pairs for a particular
operation.

P7 - Page counter.

P9 - Pi (3.14159).

Rl - Normal distance from R.H. optical system lens to
X-axis, mm (Figure 4).

R2 - Normal distance from L.H. optical system lens to
X-axis, mm (Figure 4).

R3 - Constant used when "correcting" displacements for
magnification errors, mm.

R8 - Pseudopitch of R.H. optical system (Figure 4).

R9 - Pseudopitch of L.H. optical system (Figure 4).

S - Summation in least-squares subroutine.

SO - Calculated displacement (w/r to Moir& Device) using
pre-impact data fit, mm.

S2 - Ax in "correction" of displacements for magnification

errors, mm.

S6 - Temporary storage of X values, mm.

S7 - Temporary storage of D values, mm.

XO - Point of impact w/r to centerline of Moir6 Device,
inches and mm (Figure 9).

YO - Counter in correction subroutine.

Y2 - Summation in least-squares subroutine.

Y8 - Projectile weight, variable.

Y9 - Impact velocity, variable.

Z - Absolute value of (Y2-S).

20
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Arrays

A ( Coefficients obtained in least-squares subroutine.

B ( Intercepts of rays in lefht optical system, nun.

C ( Intercepts of rays in rigt optical system, mm.

D ( ,)-Displacement values in table of fringe
coordinates, mm.

E ( ,)-Specific displacement values from pre-event
frames, mm.

F r Counter number for X and D values tabulated
for each fringe.

G ) -Storage for various Xi summations in least-
squares subroutine.

H C,)-Specific fringe numbers from pre-event frames.

M ( ) - Slopes of rays in right optical system.

N ( ) - Slopes of rays in left optical system.

o ( ,)- Storage of coefficients of polynomials des-
cribing each section in pre-event frame.
0(9, ) = P1 and 0(10, ) = MI.

P ( ) - X-values in least-squares subroutine, inches
or mm; measured values for film magnification
data, inches; and measured values for post
event frames, inches.

o ( ) - Y-values in least-squares subroutine, inches
or nun; true values for film magnification
data, inches; and fringe numbers for post
event frames.

R ( ) - Time values for film speed determination,
msec and measured value for pre-event data,
inches.

T ( ,)- Various Exi'myi in least-squares subroutine.

U C) - Measured distances for film speed determination
inches (Figure 8), and fringe number for pre-
event data.

V (,)- inverse of Y( ,)in least-squares subroutine.
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W ( , ) - Specific X-values from pre-event frame, mm.

X ( , ) - X-values in table of fringe coordinates, mm.

Y ( , ) - Various Exim in least-squares subroutine.

String Variables

D$ - Date.

S$ - Shot or test identification code.

X$ - Query for next order of fit in least-squaresfit for pre-event data.

P$ ( ) - P$(0) - Target description.

P$(l) to P$(9) - ST, ND, RD, TH, TH, TH, TH,
TH, TH suffixes added to order of fit to yield
1st, 2nd, etc.

P$(10) - Projectile description.

P$(11) to P$(20) - Section location
designators.

3. PROGRAM LISTING

Following is a listing of the BASIC statements which

*comprise program PANDIS. The program, as listed, was run on

a UNIVAC 90/80-3 computer using the sample data included in

the next section to produce the printout presented at the end

of the next section. The listing has been separated into a

number of statement groups. In general, each group corresponds

to one of the operations shown on the flowchart in Figure 10.

Where appropriate, a short explanation of the function of each

group of statements is presented prior to the listing of

statements.

O RF M ST;ATLEME'r NI.JU IFWS 1. 'III'I. 999 AI AVAILABI.EI FOR DATA

See Sample Data (Section V) for format requirements.
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The following statements allocate storage for the variously

named arrays.

I ( ,00 1:1[1 A( IO, I PD , 200[ ) P C(2 O PD[( IOO0J) ,F(A(O, O0)
1010 l'ITM f 0)G( (0) , H( 3 0 P 1 ),rM( 200 ),rN (200), 110OP 1 )
JI 020o DI1 M f' O t -. < 20 ) P Q (,5:0 ) ,I7 R ,(. 5 ) , 1"' ( 0 VI )

103 11 M H ,,50 1 0, 1 W 30,:.10 YX ( .O0Ov30 PY 1. 0,Y].O0

"1000 RE M [ARAMU [If N (7 ;OS I ( i A1:; fT ( 10 1lI:U APf" 'Y Is
2010 READ R1,R2 YYNROR9
')020 R LA D A ,A',?YkI F'. - NZ
2?030 r"V,, 141'6'
2040 NI .NW'" 1
20"50 FOR: I:1 '(1 9
2060 RE All F' )
2070 N VxI I
20l00 f'3::=fPL 1 AN ( A I
2090 FIIR t :::1 10 ' I110
2100 R[U A f:'$ (])

110 NE X 1

'200 RM RE ADl VN .KNi RAI 1 NI 1 )1RiA I I I)N I d,6 Ahk' IN( 5 H1)T
-12.10 R EAi . S$ ,Il$,F$(O)

0 REAli F'$(10 ,Y8VY9,NO

In the next operation, the general form of equation used

to determine the slopes of the various rays is:

m = tan 6

where in is the slope of the ray and 6 is the angle which the ray

makes with the X axis. The D-intercept, b, of each ray is

computed using the following relationship and values illustrated

in Figure 4.

b = R Rtan m

In the piogram, care is taken to insure that the proper algebraic

signs are observed during computation of the various values.

2400 RE M DLE I ERMINE IL '1FI'3 ANt ' TN INT[R(EP"T1 F Al I RAY
2410 F:U.R I=:'"'NI? TO N9
2420 ,=I'Nl
"430 A3 ATN( I*R8)
2440 A4=AIN (I*R9)
2450 M(,J)=TAN(AL - A 3
2460 B (J)=RI - ( (R l /IAN AJ ) )*M ,J)
2470 N(J)=-TAN(A2'IA4)
2480 C(,()=R2+(R2/TAN(A2) *14(A)
2490 NEXT I

23

,- • .,;.. u ,r. ,- -. : " ,.,



Before the coordinates of the intersections of rays are

tabulated, the fringe number of the intersection is checked to

determine whether or not it falls within the range of fringe

numbers that appeared on the data photographs. Intersections for

fringe numbers which lie outside the range are not computed.

Computation of the fringe numbers and X and D coordinates of

the various intersections is made using relationships given in

Figure 4.

2<,O; f;,FiM i V IF: llJ.I~ilNF ANIi I~ 4lll AifI li'li I ;'I 'ii Itirg~ HI i~lI[ I'Afl,
2tC10 ()' F.: I : I I! f 11 (&iI D1 1(F ) I )

:.'20 X( I, [t-:F I H- 1

S940 F ( -
:,> - .NI ' I I

2. I . I l I I (I

. F I OP J" N9 1i NY 1FF
'. 1 :F I ) I

11 ' I . I I I 1t 1

K,' I l I 1

'40-" NI I I

oo.' F l 0 1 lK I ! I ' 4li il il 11FF 1I il

0 N1 I1t;fc 0

I I I "I I NJ' G '-'oIO

' O 't) I ! , I Il:, I Ni

3040 ( If r T06', 0i -I1$9),
W ,, fl I I 1 ( I l LN ; IR)4 ( ['IlI ,

M10 ) I.I I3. I1€:.11 . , " , It IA .
3() I () I [ IJW . I Nl. vo.-,o1 i91

31f, ..L 1 I.iJ, N G f , ",31 0 I..] 1S I I, 1 N I 7 'I0

3t.1,.,0 L I.;l IP)J ;NG3 ':- I20
3.L.40 L. II FI; I Ni(;i 9 130

3 I1 0 l..P3 Tl 1.1,<I N(3 9140O
A I' M ) I .;'l I .Uf::; I'N (T 9 1.r,1
3 ;1, 1, '1 [(1 Y NOltl 9 1. 6i0

Film magnification data are fit to a specified order of

polynomial in subroutine LSQ. The coefficients of the resulting

polynomial are printed and stored for later use.
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4000 REM - READ FIitm MAGNIFUcAFION DATA ANn FIF TO A INL-ORPER F'I..YIOI'iAL.
4010 READ PIMI
4020 FOR I=1 TO P1
4030 READ' P(T)YO(I)
4040 NEXT 1
4050 GOSIJD 10000
4060 M3=A(1,1)
4070 M4=-A(2,1)
4080 M5=A(3r1)
4090 LIST USING 9J70,M3,M4v5,E:

In statements 4450 and 4480, measured values taken from the

film (Figure 8) are used to cormpute "instantaneous" framing

rates, F3 and F4, for successive time intervals. These computa-

tions are tailored to 16 mm film (40 frames per foot) with

timing marks applied to the film at 1 msec intervals. Successive

"instantaneous" framing rates are averaged to provide the framing

rate data which are fit to a polynomial in subroutine LSQ.

Coefficients of the polynomial are printed and stored for later

use.

4400 REM REAlD FILM SPEED DATA AND FIT to A 2ND ORDER POLYNOMIAL
4410 READ P1,MlU(0)
4420 FOR 1=1 TO P1
4430 READ R(I),U(I)
4440 NEXT I
4450 F3=((IJ.(2)-I.J())*1000)/(3*(R(2)'R(1)))
4460 FOR I=1 TO P1-2
4470 P(0I=(IJ(1+1) 0(0))*10/3
4400 F4=((U(H 2)--w(FI))1lOOO)/(3(R(I+2[)-R(I+1)))

4490 L((I)=(F3+F4)/2
4500 F3=F4
4510 NEXT I
4520 PT =:' 1 2

4530 GOSUB 10000
4540 F5-A (I.1)
4550 F6=A(2,I)
4560 F7:=A(3,1)
4570 LIST ISING 91B0,V5,F6,F7,E

4800 REM - READ, COMPlTE., AND PRINT REAL VALUE OF POINT OF IMPACT
4010 READ XO
4820 XO= (M3+M4*XO+M5*XO**2 ) *.2"5,4
4830 LI.STr USING 9670
4840 IF (:;GN(XO).::O THEN 4870
4850 LIST USING 9190,AFtS(XO)
4860 GOTO 4F80
4870 LIST USING 9200 ,ARS(XO)
4SF10 L .ISi U'3 TNG 92.60
4890 L IST JS1NG 9270
4900 LIST ISING 9280
4910 .IST SI'5NG 9290
49 '.0 LIS.T LISN[3 9680
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Raw data for the pre-event frame are processed on a

section-by-section, point-by-point basis. After each fringe

number-measured value pair has been read, the measured value

is processed to compensate for film magnification errors and

to convert units of measurement. Using the fringe number and

X-coordinate as access controls, a displacement value is ob-

tained from a linear interpolation of tabulated fringe coor-

dinates. These initial values of X and D are stored and then

processed in subroutine COR to determine the magnitude of

correction, if any, which must be applied to the raw values.

After the corrections for film magnification have been made,

the raw and corrected values (and a count of the number of

adjustments made in subroutine COR) are printed at the terminal.

';()00 , Id fl ieil 11 .' I Il..I 1i" 1l 1 I , '4 11 ,

' I, i: I ;J ".' I ri I' J

OROc I"IH l 1. 11l

'0(> (0 1 'K I N I

"0 X. lPh I I I' I1

1.1 10 1 I1 iO [1 I I I 1 I - I I" I *0 I-' I -. rI V, I (Jl ,] I Ii,, l . . , P o

' 0 '10 N F' I N
' 100 ,I All IIk I k I .
, 14'0 F: I I 1 1 11

'A I ON 1\:I IlN V

:1',0 If kh P ( I I Itl N 1, /0
,I/, NF X[ r K

'I i J(*::. * I t .I J I I (1\ 1 , ) X)I-, JI

, .1o W, .) i IJl i I, l ' .fsI ) 1 04 1 1" I 0 1) ' .II 1 4

",:.10O 6.0}'A ! .1 Ii000

,.2'0 W( II I " I

5 ,: 4 0 t 'I, 1'" , t J.'
o M'h 1 [ :=(,O I

.'.i",/0 FPRINT" I..31C;11i '7 gl: ),5 ,k 1),,! ,I 1 )VY0

The corrected X and D data pairs for each pre-event

section are fit to a second order polynomial in subroutine

LSQ. Coefficients of the resulting polynomial as well as the

measured and fitted data are printed at the terminal and the user
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is asked if the next higher order of fit is desired. A positive

response results in a repetition (at the next higher order) of

the curve fitting and printing process. A negative response

terminates the procedure and the user is asked to specify the

order of fit which will be used to describe the particular

section. Pre-event displacement data are fit to a polynomial to

provide a continuous functional relationship which is used during

determinations of the relative displacement of the panel for each

of the varying X values from the post event data.

5400 REM - FIT XYiD DATA T'0 L EAST SUUARES POI..YNOMIAL.S AND PRINT RESILTs
5410 M1=2
5420 N4=0
5430 GOSJFi 10000
5440 IF N41 THEN 5710
54,50 PRINT
5460 PRINT
5470 PRIN 1 ING Y430,MIP(M' )
5480 PRINT USING 92:?20
5490 FOR ,J=0 TO MI
5500 PRINT .,ING 9.'30i,.JA(,Jt1o1
5510 NEXT J
5520 PR[NI USING 9240,V
5530 PRINT
5540 PRINT USING 9440
5550 PRINT ISING 94,50
5560 PRI NT
5570 F-OR Jml IA PI
5500 SO=A (I, 1 )
5590 F-OR K=1 TO MI
5600 SO-30#A(V t I -)*(R( ) "10
5610 NEXT I
5620 FR TlT N r . (,'A JF:i(. ,.Y;,, Jj) SO
5630 N:X'I T
,5640 F:R 'NT
,6 50 F:'I* R

5660 F'R INT " : I 1 0 NiX'T I I II:71 0 F7hR N. Hioii I A, f.. S;/Ni) 
,560 INPUT X$
56110 IF: X$:=:Nfl" H[N 5'710
5690 Mt ;M 4 I
5700 6I01]) 54:1(0
5710 PR [ Ni
57?0 PRINT [I ;R I (0RDE*'R I)F:" FIT F OR I.KJ!: 1 N TO UA I ArING I i.VA'IUF
5'30 F'RTN r "PANE. TISPI..AMFNT FOR POST IMPACT FRAME7.;
5740 INFUJT MI
5750 PR INT
,5760 FPRI N T
57/0 605,iI 10000
5 /110 REM ,STORE COEF:4 .CIFNTI; Of:' CJRUE F IT F:OR EACH SECTII0N LINE:
5790 FOR i =o TO M I
5800 0(1 tI2)-A(I--1
5010 NEXT I
5820 1.1 T USING 9$00,12.,k II,2),(.,12),'312),O'4,12),O(5,12),F
5030 ((10, 12):=M1
5940 O(9P I2)4:'1
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5fI 0 INF k I
Ri'60 f' M C011I ' 1 f1 Vk'1: 011D ! OF I I H1 I' PA'1.:)t

6000 RF M FR I NTOI.)I F I R T P'AIGt* 0F 1' 1 i,. (F1,1 F:RPI E 1 F,'ACT I R-Ai1 V
60 10 f' 72

602(0 [15 V US I NGS 9610 ,Y5$ , I;, NO.11.
6030 LI ST U S I N(- 9470
6040 L I! I U I NG 9610
6050 L [, T I USING 96,40
6060 . 15 11 SI IEN I ; ',60
60 '0 I r 1.) IN ) W 60
6080 U OR ' HJ N3
609(0 L-15I USINI 9,10-I'$ (F")1 0 0)
6 100 F(WR I-1 Mf ( 9 Yrk 1.1)
eI I10 rSO- )- I O [ 1:))

61)0 F OR j : I I0 O( t I.)
') 1A 0 .[;t01III( It I . ?'*kW I * ,.

6I '0 NF X I I
6 1'0 1, 1 '; I l15 .1 NG; 96"0 - l k.I l I W),I It-[, ?),I , iI W ,I 1. 1 ) Xu - l I: l,] .!

61., N1XT 11
,1 20 NI XI 1'

61.< I f" / l' 1 I

In the next segment of the program, fringe number-

measured value pairs for all post event frames are processed.

Page number, frame number, shot number, and the time after the

event and other page heading information are printed first.

Processed data for successive sections of each frame are then

listed. As for the pre-event case, raw measured values are

corrected for film magnification before they are listed. Only

the corrected values are listed, however. In addition to

fringe number and X and D values (in device coordinates) the

listing includes X values referenced to the point of the

event and displacement values referenced to the pre-event

position of the target.

7000 14 M RI 1. I N I FN I IN F (Lt I: F:A [ AM 1 i;IIA I I.lA FR I RI I F C'I FRA.rF 7
/010 FOR 11 -' I IO NO 1.

7040 I I II']TNIG 96i;O,S:;,F',N-I.
70j0 F0 -1 l/ ( F5 r ',f i I F:7*N.' '

, 1 I00)
'060 1. I V U S l : NO 96):O - N2 1 0
70/0 [ USI 1 NG 9630
7000 1.]4I IS T NG 9640
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7090 L.IST LSING, 9650
.7 100 I.1'',T I)STN(G 9,',.0

71L0 F10 R I; I=i N
712. REAi F ,

7130 If' f,1 0 111N ' 13'-i(
/140 LIST USIN6 9/10,FP$(12110)

7150 fOR 1.=1 I 11
7160 R IAli (1( I t'( (1
'I?7, f 1 0( 1

I Ho) F, I M I I i!, ' I ,4f, 1' )2~ 4
"19',) . 1 ft t f) l
? 0 0 F OR KI =I I N"' I

7 1(I IF X(K ,J1F( ' I IHEO Y7')30

-,'"0 NEXI K
240 n' 1) [(h 1, P J, f:(,*(r ., ILi 1.I "

72',0 60(A1(, * 1 ,)

7:) 70 F:OFR I :- 1T1 0 .10,I.:-)

V)90 NE X1 I

,'310 NFXI I
7 J'3 G[ 0 0 73.40
/ 'XJiO L TS ; f /115 1 NI; 97 '0 P$ (12 110)

73540 NEX I I
7 :; I: , 'f"7 t 1

13e,() RI' M i) 111 0 J:x m I. P 1I If' i 0f 01: f. RI N1Ji.

73,10 NIXi I I.
U00.) fR IN I "IlO .C(J.1PI Iif Gf It 30 1064 10? f011 S TA I F.i"IfJ F
80 10 0() 20000

Following is a listing of the various image statements

used in conjunction with the various PRINT USING and LIST USING

commands. Content of these statements can be changed to suit

the heed of the user. Image statements listed and used for the

sample problem were used for an aircraft transparency deflection

measurement application.

9000 REM - IMAGE STATE7MENTS FOR TITLE PAGE PRINTOUT
9010 : I F16-A BIRDSTRIKE PROGRAM
9020 :-" SHOT NUMBER
9030 :0 DATE FIRED.
9040 :- TRANSPARENCY -

9050 *0 PROJECTILE.
9060 WEIGHT .. *.** LBS
9070 : VELOCITY -- *** KNOTS
9080 :.. *# FRAMES OF FILM (AFTER IMPACT) EVALUATED FOR THIS SHOT
9090 :-FOLLOWING ARE THE COEFFICIENTS OF LEAST-SQUARES POLYNOMIALS
9100 : OF THE FORM:
9110 : Y = AO + A1*X + ... + AN*X**Np
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9120 : E l 'O IHEk E XFE: IMENIAL.
9130 : IAIA. F:IL.M MAGNF:ICATIUNv IN REAL 1NCHES, IS GIVEN AS A FUNCTION
9140 : OF' MEASURED1 INCHE: S AND F'IL. S3PEED, IN PICTURFS PER SECOND, IS
9150 : GIVEN AS A F'INCIiON ()F" F:'RAHE NIJMFER.
9160 :OC(EFF:IC[( :CENTS.: AO Ai A2 SI'D ER OF EST
'91.."0 :OF:']'.M MAi6NIF:: I.. # # !!!! .. # :..l!I! ... # # # # #

918:0 : F'TIl.m SP:EEID: . # # -4:# # #!!! . . # # . # # !!tt

9190 : F I;FI , :A140 1II AI Ei f .1* H 1 0 "'Hii I RIGI'T OF CEN)Lb (IF MOIRE IEVICF
9'200 : F I , SIA 140 LIJIAIT Itt f IH I lH I. F F 01 CENTE-:. (Oi:: Ol'k10 [ 'ii,v ICE"
9210 : INISI:JI IfT INt DALA FO F II I H A # # _ cIR[Ii: f'IIYN[oiIAl.

9'20 : F'ANII DATA 0RI ELN. NiO [I ii HE M I RE DIV I CE
9230 : A II .. t1 : ' '' I i

9240 : ;I1' . ERFROR IF E1 [rF! A T I : ,1#* !! I
')2.0 0 F'F 6fAri IJIN Al 1:41I l4 O 14* ####
926() 0 *0 RESUE I S F:C (IF C RVLE F 1. 1 I I :0 VRE . MI i::AC I F'1r I I. (*E. .. 1 . :10 N t
9. ;0 (E 1 V: Rl .l D i TO I: Mi) I RIE DER V I IE
9.2130 :O E C COEF:F] IENT: I.::I N S F : 1 :; !Ir AIn I F)I YNIri]I. .SiDl E rO

112 0: NO0 A(o A( I.) A' 2" A. k1' A(4 OF EST

9 ,3 () 0' # :1: t. #f # #1 11 # o~ ~ !III I. l1=:1 1=ist I ..:1# . !I Iil #..#:: l I I I #. W1 ,, :1 I I

9400 REM .1 M A I: ST(IA I: MN 1 3 I" 1 I -I I E I,*R I I T 01 1 [RE VMIi A C 1 CA NI . I ATi
94 10 : V'R I NI;E EASJE' X6 F:I 'A :E ", riM r i l HE[-ml N 1. LO
9420 : NIUM BiE:F% RAW ORR RAW 0 1SII:R Ri IR
94 V" : C(.IIFF:]{ C IFTN[S (I A 4 ## ,RDFRZ F-0. YNOM IAL F lTI T TilL PRE>' IM: E ACT
94.0 : F 1 Ril NI4 M i I RE A 11IUD AC [HAl CAL. CI.AI i: 1 IF FI R[ NCE
'9 4, 0 NOW l E X MM [i 1EE , M 1 D15I" i- All I C A1i.( C
9;4,60 : *ik •:i~r *t,ti,# I ' • *1.11#441!:i 44 •.:tl: 14141! 'I' :11.1 1'trI!!'

94/0 : OFRAMI: NUMERI: • FRE: IMItACT
T,90 0 RE F, M f MAGI: ' F A IE iATEME.T 3 I:I.OP F"'ti .I 1iNF " DiATA I:'AGII1'f.
W/.10 1 ST101 NMWF: R 1:t# ###14*#*##114#*#4#14-#1t11-14 I'"AGE4 OF ft 1:('r#

0, OFA HI NTIH it # 1 1 *1 1:# MSI I'C AF itI: 1 iiIF'Oil )
Q"A,,C. : X CIIi NA 1I H f ,SI1["1., II N I * X CUHEI'lN1 I I is',i. AF1: Ei:IIF .

9 64 : F: : [NI.: IN MM lIJ il. I rjh IP TN MM,
9650 : NU.)ME1:.'R 14.1E 10 1i .-1 , 1r k Ill il:[ll 4I, . TO W'r TO IF:' IlSF101
Y'66 ) : IF : FI:I]CF Fit! .I3A 140 1",0;1 T [ON
9670 :-

9/00 ##..II .. -# :. t ':## I ## ##. ##*I •* ##-# .I'II91110
99'10 :Olsltleltlttsntle...*tttnnsnllt ttttt**t**t**tlttttt*411*#t1*
9,..o 0oIAIA NOT AVATI AI. F:[OR 1*11111,:tltlt'littI*1tt111*11111**11111**1*

In the following subroutine, LSQ, pairs of data are fit

to a polynomial using a least-squares curve fitting routine.

The sets of X. and Y. data are used to form the following series

of equations:
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ZY = An + AI1EX + . . . + AmEXm

EXY A EX . + AIEX 2  + . . . + Am i

11 0 1

Xi1= AoZX + EX

= A EXm + AIZX.m+ + + Am X. 2 m

zi o m 1 '

In these equations, n is the number of data pairs, m is the

order of the desired fit, and A0 , A1 , A2 ... are coefficients

of various terms in the equations. Since these equations are

of the general form,

y = A 0 + A1 X + A 2X
2 +

they may be solved simultaneously to yield the various coeffi-

cients. In subroutine LSQ, this is accomplished by forming

the various summations, placing the appropriate values in arrays,

and using matrix algebra to solve for the coefficients. The

various ZX m terms are formed in statement 10140 and later
1

stored in array Y; the various ZXmY_ terms are formed in state-

ment 10180 and stored in array T. Solution of the coefficients

is accomplished in statements 10350 and 10360. Upon completion

of a determination of the standard error of estimate for the

fit using the following relationship,

ZY 2 _ ZAxmy

Std Error of Estimate 
= m

n

control is returned to the main program.

10000 REM -LEAST SQUARES SUBROUTINE
10010 REM - UP TO 50 DATA POINTS MAY BE FIT TO A 9TH ORDER POLYNOMIAl
10020 M2=M1+1
10030 IF M2>P1 THEN 10430
10040 MAT A=ZER(M2,1)
10050 MAT T=ZER(M2,1)
10060 MAT V=ZER(M2,M2)
10070 MAT Y==ZER(M2,M?)
10080 FOR J=O TO 2*M1
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10090 G(,J)=0
10100 NEXt J
10110 S=Y2 :0
10120 FOR N:nI 10 FI

10130 F'OR K::l TO 2*MI
10140 (3(KI£) ::-- ( 60 -, lt' (N )"" K

10150 NEXI K
10160 FOR L -1 10 M2
101o IF ._ ,1 I+HUN 10.00
10180 F0 I ) :T(L.,j. f k(N )(P(N)' (I 1)

10190 G(O T 0 1021 0
10200 1 (1 ,I '-:::T(l ,I ) (N)

10.'10 NfI: I
LO ''0 Y Y" ' ': f(N) '
1. WI, 0 ; (0) 1
10.'40 Ni - I i
1. 011 0 I :M I
I t [ UoI I-1 TIO M'

10 1,'0 1 1. 1 t
102 80 J I I
10.90 F: II:; t,' I I t)
10 ',00 M ,: 'I
LI) 1, t0 N F I' I
II, .?,, - . 0, -, ( M '.):
1033 0 t XI I
I C17 4 ' '' I * I

10, 40 MA f I C

10 ;.0 MA I A "I* I
10 '/0 r: (1i-' I. - I I h2
lO O ' A ( : (f ( 1 A( I ' I I I

10390 NEXI
10400 7:-!:rI.I+v (Y2 ;

10410 1 '(F' Z./G()
.104 0 610 104',
1043+0 P:,(NI I : [.i ' 0 M I - I1 . ,
104l40 N411
I0 ,'0 RE IRN

Film magnification correction terms were determined using

data taken from the pre-event frame. When the target is de-

flected, a change in the magnification of its image occurs.

Since the dark band used to define a measurement point is formed

on the surface of the target, evaluation of the film magnifica-

tion polynomial using post event measurements may yield results

which are somewhat in error. Displacement values obtained with

use of these measured values will also be in error. The mag-

nitude of the error increases as the post event measurement

plane is displaced in either direction from its pre-event

position.

The error just described is reduced to a specified mini-

mum value in subroutine COR using an iterative correction
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procedure. A graphical illustration of one step of the cor-
rection procedure is presented in Figure 11. In this procedure,

use is made of the fact that each measured value lies on a line

which makes a unique angle to the initial position of the target

(or the X-axis). With respect to the illustration in Figure 11,

angle a should equal angle 8 for this condition to be fulfilled.

Angle a (A5, statement 15020) is the true angle which the line

of sight makes with the pre-event target surface. Angle 8 (A6,

APPARENT
7- FILM

VN EW 
\//

DLENS

AX-' 7
7

7 OPTIC AXIS

POSITION OF DEFLECTED TARGET

DARK BND7

DA -INITIAL POSITION
OF TARGET

Figure 11. Illustration of Procedure Used to "Correct" Measured
Values for Magnification Errors.
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statement 15030) is the angle which an apparent line of sight

makes with the pre-event target surface. These angles are

determined in subroutine COR using device constants provided

at the beginning of the program and the particular XA and DA

values obtained from the initial interpolation of the tabulated

X and D coordinates. The difference between these angles is

compared with a specified minimum acceptable error (statement

15040). If the difference is less than the acceptable error,

control is returned to the main program.

When a correction must be applied, the magnitude of the

correction, AX (S2), is determined by making use of geometric

relationships illustrated at the upper left of Figure 11 and

expressed in statement 15050. The correction is applied to the

old value of XA and the new XA is used to determine a new value

of DA by interpolation in the table of fringe coordinates.

Note that use is made of the fact that the meashred point must

lie in the center of the dark band specified as the fringe

number in the original data pair. The new values of X and D

are used to compute a new angle B. The difference between a

and the new is compared with the minimum acceptable difference

and, if necessary, the correction process is repeated. The

examination and correction procedure is repeated until the

difference between these angles is less than the minimum

acceptable value.

15000 REM - SUBRGUTIHNE FCR .ORRECTION OF E.RROK I.. JO 10 rMAGNIFCATION
15010 YO=O
15020 A5=ATN(RI/(R3-.F'(I)))
15030 A,. ATN((RI.(I))/(R3..'(I)))
15040 IF' A4(A5-A6)<5E-04 THEN 15140
I ,0,0 ...-( C (R3-'F'(I) )/CUS (A6) )*'AN(A5"A6) )*SIN A6)
15060( F I -' ( ): )I'S2
15070 FOR K-I TO N9+1
15000 IF' X(K,,J)<F'(1) "THEN 15100
15090 NEXT K
15100 PO=(Y(K'-:,,I)"-F'j1))/(X(I<"I,.I)-XG.,.i)
151 I10 (l T ) I(K' I YJ) N (D'O 0 l J r, A-' (K - I ) )

15120 YO=YO-i
15130 A0TO 1,5030
1,5140 RVT'IRN

20000 END
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SECTION V

TEST PROGRAM AND SAMPLE PRINTOUT

Except for order-of-fit data which are entered from the

time-sharing terminal during a run, all data used during the

execution of PANDIS are read from DATA statements. Statement

numbers 1 through 999 are available for use as DATA statements

Following is a listing of sample data which are read from these

DATA statements. The data shown in these statements are used

to produce the sample printout presented in this section.

An explanation of the data, by variable name, follows this

listing.

.'U 1A I . " I ' I . iI 0 ''.1 0 '--o. '.. i
(' ,l:f A l Ill- Ill, Ill- ill, Ill- ill

31 DATA , . . I 11W 11 II l lrl'. 01 1 ,141011

3"9. uiAiA 'J, 1 1 ONI I I 'll I W I I i l!'6L. I I'i ; i1

130 (JA IA .895l

1.0 DiA IA [IMAGIINAI," W'41l ,I,'k-O

6(,i D.A I A f .

8'0 D A 1 6, . :', D AI ,'I,. ,* I At). .4?.0 ." . . '.",;'.,!'y

190 1iArA 14-)P4.44
10o IAIA 0- . , *•o i. 01l,, 1 - 4, 0 .0 1 ,, .1,59
11.0 DITA 7, 6. 0. P1r 6+ . 9,P7. Y/7, 0 I") ,,. -1 I I >'% 1[::,10,:,7 13 1 1 '11.
130 DIAIA ... 895

140 DAIA 7
14

'
, DAIA 3

,v1.6,-', 1.9  1 ,. 7 ,0..1,), 5, .- . , -;, .VV465

150 DAA 7

1 DATA 03 Y .5,":'r +0. 5 O I..1 , 5 ),00 40 35,o,"'1 . ./6Y-'2. 99
200 DATA I
10' D ATA . I .49,- 1'1,0. ' " 5 1 -8 6 " 1.05
170 DATA 1
22SO DATA .

190 DATA O, .65,-I- .- 13
200 DATA 2
205 DATA -3,1. 5,F-2 , 1.19,P I?,.8W.Y0,.45,v1 . 09,1, " -. 35

210 DATA 0 75,- 1-93
220 DATA 8
225 DATA --3,l.4 -2,1.09,-.72 ,.35,8.1,-.9,,-'.45
230 DATA0,.5 - -. 0

240 DATA 2
250 DATA 0

260 DATA 9
265 DATA -3,1o59,--2,1o29,-I,.98,0o.68,1,,37,2,-.02

270 DATA 2,--.57,1,--..79,0,-+93

280 DATA 9
285 DATA ..3,149,-2,1.19,1,.88,0,.58,1,.27,2, ..12

290 DATA 2,".67,1,-'.89,0,-1.03
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Statement

Number Variable Name/Description

10 RI, R2, N9, R8, R9

20 Al, A2, Fl, F2, N3

Statements 10 and 20 contain the six moir6 device
parameters and other values used to establish
limits for subsequent computations and procedures.
Note that N3 has a value of 3, indicating that
profiles are to be obtained along three sections
of each frame.

30 P$(1) to P$(9)

32 P$(II)

34 P$(12)

36 P$(13)

Statements 32 through 36 are descriptions of the
section lines which were used for each frame.

40 S$, D$, P$(0)

50 P$(10), Y8, Y9, NO

Statements 40 and 50 contain descriptions of test
target conditions and a specification of the
number of frames which will be analyzed for the
particular test.

60 P1, Ml

The number of points and the order of fit desired
for the film magnification correction polynomial.

70 P(l), Q(1), P(2), R(2),....

80 P(6), Q(6), P(7), Q(7),...

Data for film magnification determination

90 Pl, MI, U(0)

The number of points, the order of fit, and the
distance to the first frame of the event. These
values are used with the film speed data to
determine the coefficients of a polynomial which
describes the framing rate of the camera.

100 R(1), U(1), R(2), U(2),...

110 R(8), U(8), R(9), U(9),...

Data for film speed determinations

36

. . . . ... -- -



Statement
Number Variable Name/Description

130 X0

Distance from origin of moir6 device coordinate
system to point of interest on target

140 P1

Number of data pairs for first section in pre-
event frame

145 U(1), R(l), U(2), R(2),...

Fringe number, measured value pairs for first
section in pre-event frame

150,160 P1

Number of data pairs for remaining sections in
pre-event frames

155,165 U(1), R(1), U(2), R(2),...

Fringe number, measured value pairs for section
in pre-event frame

170,250 N2

Frame numbers

180,200,220
250,260,280 P1

Number of data pairs for each section in the
various post event frames. Note that a value of
zero was entered in statement 250 indicating data
were not available for this section.

All other
statement
numbers Q(1), P(l), Q(2), P(2),...

Data pairs for sections of all post event frames.

The next three pages are printout that was received at the

the terminal during the run using the sample data. Only results

of the analysis of certain pre-event data are printed at the

terminal. These data are printed to permit the user to select

best fit data for use during analysis of subsequent post event

frames. In each of the pages the user was asked for a response

after results of the first curve fit were printed. As shown,
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the response--YES--resulted in another printout and question.

The negative response resulted in a request for specification of

the order of fit to be used with the data that were presented

at the beginning of the printout. A similar sequence was

followed for the additional sections of the pre-event frame.

At the end of the third page, the number of frames which had

been processed and a notification that the job had been com-

pleted are printed to signify that work on the run has been

terminated.
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SAMPLE TERMINAL PRINTOUT - ?irst Section

*RUN
USED AS ARRAY & SCALAR NAME:EHMNW

SECTION 1-INCH ABOVE IMPACT POINT

FRINGE MEASURED XMM fISPLACEMENTMM NO TIMES IN

NUMBER RAW CORR RAW CORR SUBR COR

-3 101.88 100.86 -24.02 -25.41 1
-2 82.30 79. 80 14.58 17.05 2
-1 53.76 50.98 -8.80 .9.65 2
0 6.21 6.84 1.14 1.26 2
0 ---26.51. - 23.47 4.8. 4.32 3
.1 68.54 -68.37 0.35 0.26 1

2 8.9.99 -93.41 -6.72 3,.3 1

COEFFICIENTS OF A 2 ND"ORDER POLYNOMIAL FIT TO THE PRE" IMPACT

PANFL DATA (RF:FFERENCE I' ( 1HE MOIRE DEVICE).
A()) = I.6,-370E+00
A(I) =..1.03775L. -01
A("')) = 1. 675 .F -0.3

ST11. ERROR OF ESTIMATE 8.-- 51

FRINGE MEASURED ACTIJAL CAL.C LA TI'I I IF F:[EREiCE
NUMBER X,MM DISF'L ,mm D ISPL.,MM ACT CAI C

3 10. 0861'4'01 25.4073 F4-00 5. [; 591E f00 45. 17 2EI 02
.2 79. 800F f00 1 '7. 0539F 1 00 17 / 328e6E-00 2 7. 4 6 73: 02
1 50. 983E 00. 96. 4530E 01 , . 9291E1 --16. 5238E -01.
0 68. 370E:-01 12.5744E 01 116.50,55E..0:' 39. 1 ,5 3E --0'::
0 23.4*72E.00 43-1690L, 01 '31.6630E 01. 11 .,5061 E-01
1 61 1.312E f00 0.2. 676 0 91 . 5397F 0:.) -65. 972017--02
.2 .93. 414E 100 .. 3.'. 3170f: 01 - 3'. 7503F---01 4,3 . :'64F-03

FIT TO NEXT HIG:HER ORI':R POLYNOIAL?' (YES/rJO ) 'YE,

COE FF IC I EN NTS OF A 3 RI.ORIZR PIOLYNOMIAL. F1 I() |HF PRF . riF'A1T
PANEL DATA (REFO RTNCEH .) rFH MII:4 1EV ICE).

A (0) 1 . 73528F f 00
A ( 1 ).1 . 22948:01.
A(2) = .. .70283E-03
A(3) =2.583886F 06

sri'l *ERROR OF ESTIMATF = 7,0772,1--01

FRINGE MEASURED ACTUAL CAl. CULATI 11 II:: F:ER NC[
NUMBER X, MM [ ISPL , MM D ISPF'I., MM ACT -- CAL.C

3 10.086E401 -25.4073E+00 -25.3306E+00 76.7212E-03
--2 79.880E400 --17.0539E'00 117.6317E t00 57.7805E-02
- 1 50.983E+00 -.96.4530E 01 86.1611E 01 10.2919F- 01
0 68.370E-01 12.5744[:1 01 031 .5915F --02 44.1524E-02

0 --23.472E+00 43.1690C 01 6.4950E"01 66.7404F' 02
-1 -68.372E+00 25. 5676E-02 13.5380F 01 10.9813E01

2 -93.414E+00 --32.3170E-01 --37.4904E-01 51 .7338E 02

FIT TO NEXT HIGHER ORDER POLYNOMIAL? (YES/NO)'?NO

DESIRED ORDER OF FIT FOR USE IN EVALUATING RELATIVE

PANEL. DISPI ACEMENT FI(JR F'OST IMPACT FRAMES 73
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SA4PLE TERMINAL PRINTOUT - Second Section

SECTION THROUGH IMPACT FOINT

FRINGE MEASURED XMM EISPLACEMENTMM NO TIMES IN
NUMBER RAW CORR RAW CORR SUBR COR

-3 97.64 95.55 -29.77 -32.612
-2 ;76. 79 72. 57 -20.20 24.35 3
- 1 46.82 42.82 -10.91 12.12 3
0 -2.62 "2.40 0.48 0.44 1
0 - 36.42 32.02 6.70 5.89 3
1 -79.70 -75.68 7.16 4.08 3

-2 101.73 99.00 5.?6 2.472

COEFFICIF'NTS IOF A 2 NI ORDER POLYNOMIAL FIT TO THE PRE"IMPACT
PANEL DIATA ( RLL:EERENCE[:D 'T( THE MOIRE4 DEV ICE).

A(O) .84516 41- "02
A(.1. 1.92725E 01
A(2) -1.61342E.03

ST D' * ERROR OF ESTIMATE 9.99634EF 0 1

FR INGE '- MEA'ALJREI: A CTOUAL. I AL..Ei .A~r: 1.11 F FFF RENCE
NUMB(ER x .MM DIS "1,M M3E 11 i:&' :i MML. Pi(* . . Co

3 95. 546E+00 -32. 6095FE+00 -33. 8796E400 1. .7014E-01
2 '2.566U+00 24. 3455E400 22. 94201:400 1.0351E.01
1 4. 025E+ 00 121i 1-0)0 11 .4279E.1-00 69.049 F."-02
0 .24050F,-01 44 . .21338F 0 2 Z6. 9241 02 73. 09 75F 0..3

32'.01 6E -00 5.0B 6 E 0:1: 43,.5886E01 5,2940E* 01
1 75. 6761::44 : 01. 48.51':-.417' 091. 76.'266, 02

- 95l.546:+00 42. 094E:-01 24. I0279F0: 4. 41E-0

-2 72,566E+00 .).I415 0"2.42E+0-9 31E0

FIT TO NEXT HI61-GHER ORDER POLYNOMIAL (YES/NO .? YE'i

COEFFI C.FNR (1 A 3 F D ORDER lt.YNOMIAL. F TO TIVEL. MPACI
PIANEL.. DATA (1 4Fl:Rr:NWIr' *0 'THEiot M(ls:R [4.[VICE.D:

A(<O) [1.351f.11EA01

A (T1) 2. 2 0(4 Q .3E. 0
A(2-:1.66065E? 03'
A(3) 3.73797f 06

STAN D ERROR OF S TIPMATE: T 54936E301

FR I NGE MEASUJRED' AC UIAL CALCUL.Al )IF'l ERNCE
NUMB4ER XIMM 111ISPL rMM E'ISI.vMM ACT CALC

--3 95.546E+-0( 32.6095E+400 33. 1026E-f00 49.3179E--02
-2 72.566E+00 24.3455E4-00 23.4523E+00 -89.321911-02
-1 42.825E+00 12..1184E+00 12.3299E-100 21.1589E-02
0 -24.050E-01 44.233SE-02 38.5457E--02 56.88117E.-03
4) -32.016E+00 58.8826E...01 50.9945E-01 71.1801E-02

1 75.676E-100 40.0426E--01 54.2099E-01 --13.3673E.01
2 .98 .99CE10() 24.7134E 01 17.9169E.-0I 6/.9655E-02

FIT TO NEXT HIG3HER ORDER POLYNOMIAL T (YFS/NU)?NO

DESIREI) ORDFE:R OVF F FOR UfSC. IN EVAL.IJ)FING RELATTVE
PANEL. E'ISFI AC*FMV:NTI FOR POST IMPACT FRAMFS) ?3
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SAMPLE TERMINAL PRINTOUT - Third Section

SECTION 1-INCH BELOW IMPACT POINT

FRINGE MEASURED. ;,MM DISPLACEMENT,MM NO TIMES IN
NUMBER RAW CORR RAW CORR SUBR COR

-3 93.10 89.54 --.35.92 --40.75 2
--2 70.98 65.42 --25.06 -27.56 .
-1 39.57 34.17 13.11 14.74 3
0 -.11.75 --10.57 2.16 1.94 2
0 --46.64 -.40.57 9.17 7.46 4
1 91.15 81.51 19.61 9.13 2
-2 ....113.77 .104.30 24.48 7.97 3

COEFFICIENTS OF A 2 ND..I *RI)'ER POLYNOMIAL. FIT rO THE F'RE.IMPACT
PANEL DATA (REFERENCE'D TO THE MOIRE DEVICE).

A(O) = 1.56133E+00
A(1) = 2.81086E'-01
A(2) = 1.80357E-03

STD, ERROR OF ESTIMATE = 6.90966E-'01

FRINGE MEASLJREtI ACTUAL CAL CUIA. ATEI. DIFFERENCE
NUMBER XMM D I SPI.., MM r I SPL , MM ACT - CALC

-3 89. 540E:+00. 40. 7533riF00 "41. 1098E10 00 43. 6462E-02
-2 65. 4221. -0 00 2 7. 56 3 -)L:+0 0 27.6699E-100 10.661.3E-02

I 34.169E+00 14.7423EI00 -13.2713E4'00 -L4.7100E---0i.
0 -10.566E 00 19.4321E' 01 12.0721E 01 73-5997E 02
0 .. 40.567E 1.00 74.6073E..-.01 68.7330E--01 58.7427E--02
1 -81. 507E' 00 91.2654V 01 93. 17213f-- 01 --24.0739E-02

.2 --1O.43EE-01 79. 727'1O.*1 81. 277'3E 01 .--15. 4938E-02

FIT TO NEX:T" HIGHER ORDER POL.YNOMIAL. (YES/NO)?''YES

COEFFICIENTS OF A 3 RD--ORDER P'OLYNOMIAL FIT ro THE F:'RE-IM'A
PANEL DAT'A ( REFE:RENCEI TOI' T1lE MOIRE IEVICE).

A(0) . 1 . 71. 18- 313 F 1, 00
A( :1) 2,9 2 -? 01.
A(2) .. .. 7433W : "03
A(3) 2.5":244;E., 06

5TD. ERROR OF ES TIMATFE = 5. 28980E'"01

FR I NOE MEASURED ACTUAL.. CALCUIATED DIFFERENCE
NUMBER XMM D ISFI.. PMM 1 1. SPL., MM ACT -- CALC

-3 89*540F."00 --.40. 7533V-1, 00 -40.6694[7+00 --83.38928E"03
-2 65 . 42.. 0 .-. 7, 5633E:. f00 28. 04251F+00 47. 9263E-02
-1 34.169f +00 -- 14. 74;3Ft.00 -13. 117061 100 -:17. 1632F-02
0 --10.5,6E';00 19.4321.....OJ 125.. 16F -01 19,1051 F.- 02
0 .. 40.567E+00 74.6073101...0 73.8944E-01 7. 'l,.289tE--0:3

.-1 -81.507E+00 91.2654E.-01 97.,2894E--01 -60.2397E-02
--2 --10.438E+01 79.7279.-01 76.5639E-.01 31.6407E---02

FIT TO NEXT HIGHER ORDER POLYNOMIAL! (YES/NO)?NO

DESIRED ORDER OF FIT FOR USE IN EVALUATING RELATIVE
PANEL DISPLACEMENT FOR POST IMPACT FRAMES ?3

1 2 JOB COMPLETED----- GOING TO 'END' STATEMENT
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The next four pages present the sample printout produced

at the high-speed printer. Presentation of these pages completes

instructions for the use of the moire device and program PANDIS.

14

Fib-A RICUSTPIKE F 00'3AAM4

S k10T f. U M eErs TEST Pk4%LE?#

LATE FiPL OCT06FI 4 19kS'1

TPANSPARLt4CY -- CURVt3' LINELS

P('CJECTTLE -- IMA61N4PY L ALL

.11CH1 - C.UC L---
VELOCITY -- KNO~TS

-1 FIkAmfi (OF FILM IAFTEr IM'PACT) LvALtJATLr, FOR THi:S SHOT

FOLLO.ING APE THE LCOEFFICILN.TS OF LFftST-SOJARES POLYNC.PIALS
uF THE FORM.:

Y =A(, * hl*X + ... * *N

FIT TO THE EXPERIMLN'TAL
.A TP. F ILM YAGNIFICAT ION q I. D'EAL INCHE S, &':: GIVEN~ AS A F(JOCYIOVJ
OF MEASUREJ !NC.HLS A:.r' FILMI SPEVLJ, IN~ PICYUP.ES PEP SLCONU, IS
4V[!4 AS A FUNLTION~ OF FPA.F, Nk- Z

LOEFFICIENI,: A:lt A,? STD ER OF EST

FILL MACjNIF: -1.,j2 0 7SE-j1 3.c.ZSl21_.Y1 -# .1'244'9L-C1 7.U026EK2-O)

FILTM SFLED: 7.,86027E'63 l.2485S4E#UC' -,1.78473L~-32 6.9282JF*00

FLS ST;. 14J L3CATrrD 05.24 k-M To THE nIGHT t F CFNTER OF MOIRE DEFVICE

PLSULTS OF CURVE FITS TQ PPE-IPPALT PANEL SECTIONS *

(REFEREGED 70 THE IuIRL OLVICLI

E C COEFFICIFt.TS OF LEAST-S..UAVL PCLYNHOMIALS STV ERROR
NO A(0? Al A(2) A13) A(4.) OF EST

I1 1. 7!5E rC -129- -1.7r3F-T13 2 Sd9 -r)b 0.OOCE.OO 7.38L-0l
-1. 352E-C1 I 2.205r-71 -1 9661 E-n3 3 a7 !6E -06 O.COOE.Ou T.55E-31
-1. 712E4020 -2.992E-01 -1 .74 3E-C3 2. SsE-r6 0.003E +Uj 5 929E-0 I

PROGRAM RUNI AT 161105 MjRS ON 10Seo

SAINIPLE PRINTOUT -Title Page
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SHOT NUMBER -- TE.ST PPOrnLEM PAGE 2 OF 4 PAGES

FRDA1t. NUMPEP -- PRE-IMPACT

X-COORDINAIE, CISPLACEMEINT, X-CuIPRUTNATE, DISPLACEMEtNT,
iR I NE IN wit. INJ i'MI 1* MM, IN moo,
NU,49ER 4/P TO 1001AE w/R TO M10TRE 0/0 TO S/R TO PPESH07

DEVICE DEVICE FUSD STA 140 POSITION

SECTIO% 1-I%CH AEOVE IMPACT POINT
-l 1j.b53 -iS.402 196.C95 -:;.077

79.88.j -17.C.154 1750117 0057b
-1 5C.9E3 -9.E'er 1'.6.?20 -1.029

7 6671.257 132.C74 Z*~442
-23.472 4.317 72.765 .2.667

-1 -boo372 0'.256 26oPb5 1.9
- ~ -93o414 -1.23:1 1.A;s! UOS17

AECT10% TI4ACLGh 1IUPtCT POINT
95o"46 -32.tir 19C.7b3 3j.4 9 3

-2 72.566 -24.746 1b7.PJ3 -C.893
-1 42.b:!5 -12.11P 13p~rb2 1;o212

-245r.442 li2.P32
-3i.U6 seep b!221

-1 -75.676 di.f6'a 19.!61 -1.337
-- 9.,92.471 -3.7810*e

SECTIGN I-INCH StLOh IMPACT POINjT
89.54C -40.75? 184o777 -3o2.4
65.472 -27.s6! lbfl.659 ' .479

-1 34.169 -14.747 129040S -C.972
-1U.b66b 1.943 040671 0.6b91

7.461 5467 .071

-1 -ei.SC7 9.127 11073c -0.6c2
-2 -104.3P4 7o97? -9.147 ;*31b

SAMPLE PRINTOUT Cont'd -Pre-event Frame
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SHOT NUMBER -- TEST PDOBLEM PAGE 3 CF 4 PAGES

FRAME NUM4ER -- 1 4 C.3470 MSEC AFTEP IMPACT)

X-CCORDINATE, CISPLACFMENT, X-COUPDINATE, DISPLACEMLNT,
FPINGE IN MM, IN MM% IN MM, IN MM,
NLMER w/F TU MOIRL W/R TO MOIRE w/P TO w/R TO PRESHOT

OEVIC.E DEVICL FUS ST 1'40 POSITION

aECTIOl. I-INCH AbOVL IMPACT POINT
-!1OU.t5d -iZ.o'u7 196.fl95 -C.077

-2 E6.57b -IC.214 I. 81s 9.779
-1 66. F3 -cpb1 Ib2.lzo 12.469

4qS.606 0.277 140.243 ,15.2e9
I 1.b21 Zl.37 1U5.75p 2u.781
1 -12.1 4 19.b2 o3.0s3 1b.5119

-- 54.L31 13.~ qj .f .1 6 I.l,
-I -79.Y5v 7.441 15.782 6,GE5

SECTIO". THROUGH IMPACT PCINT
-395.,5u6 -52*.1l 19C2.783 .c-

-'-213 -16.7Cq 175.455 S.671
-1 59 .LI6C 1tb4.?4 7  11.17o

I L l!) V . 17 v 7. 1 2 j. 9C 3

1 1 .b 1'1 *RD.47 7 5 .2717.80z
-61.u9C 17.7Z2 34.147 11.437

-I -F5. Q 13.' 2r V.146 c.72

.ECTICt I-INCH bLL.) IMPACT PCINT
-T 8,.t,4J -4r.7b

7  1o4.777
- 72.1 !3 -e4.140 169.17f) 7.6011

-1 51.372 - ).27 146.609 11.61!
lq.-575 !l1,:4 49 41 7.27c

-. 1 r C 61 d . ?2c 1',.207
l-27.L'I e 7.72P "P.186 lo,271

-6727.b i7.722 11.757

-1 -Q :u 07' .2 .1 P 7

SAMPLE PRINTOUT Cont'd - Frame #i
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SHOT NtLMBER -- TEST PROBLEM PAGE 4 Or 4 PAGES

FRAME NUMBER -- 2 1 C.6938 MrEC AFTER IMPACT)

X-COORDIPNAIE, DISPLACFMrNT, X-COOPUINATE, DIS.PLACEMENT,
F riItGE IN M, IN~ bom, IN MM, IN MM,
tKLMFER W/P TC MOIRL W/k TO P(JTRF u/P TO w/P TO PRESHOT

OEojICF DEVICE FUS STA 140 POSITTON

LATA t.CT AV~AILABLE FPu" SECTIGN 1-TNCH ABOVE IUPACT PCG!NT

SECTICN THROUCH IwP4CT PCINT
100.372 -i6.47b6 195.609 9.I'1

2 86.578 -t.1l161.PIS 19.033
-37 1 .;;99 2.4117 166.!33 25.2E1

55.71) 14.!-89 1! j.f33 31.546
1 39p.S23 q 7134.760 37.147

17.! c9 _fc1112.746 41.C~fL
* -2b.2qb 37b2 9.q&19 33.6C9

2 -52.o44 20.96F 'i2.393 23.65?
f-72.5f7 24E2 2?.65C 1#3.635

SECTIO0% I-INCH PLLC. 7t'PACT P01N~T
-273.37' 19 1.218 11.322

C? . -16.%q9 i?5.4:i 1 .9.2
-1 63.EIZ; -7.1?bl 159.Cr47 23.997

47.toI9 r.751 142.P56 29.3Q2
1 31.192 ,% 1j6.42e 3S.452

11.C71 IUF .286 41.4f3
-31.0t:u b3.321 34.C09

1 -5c.518 31.is 36.719 24.3f..
- -71.771 20.2ct 16.466 IE.377

SAMPLE PRINTOUT Concluded -Frame #2
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